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COMMUNICATION APPARATUS AND COMMUNICATION RATE SELECTING 

METHOD THEREOF 

BACKGROUND OF THE INVENTION 

1. Field of the Invention: 

This invention relates generally to telecommunications 
systems and, more particularly, to communication apparatus for 
use in such systems capable of performing data communications 
at variabl e commu nica tion r ates . 

2. Description of the Related Art: 

Currently available mobile radiq communications systems 
include, but not limited to, personal digital cellular (PDC) 
systems and personal handyphone systems (PHS) . In recent years, 
digitalization has been applied to access schemes f or providing 
access between mobile stations and base stations in such 
communications systems. This permits the systems to achieve 
high-speed data communications as well as traditional 
speech-based or voice telecommunications services. 

Telecommunications systems of earlier generations 
employing as such digital access scheme the time division 
multiple access (TDMA) technique have been typically designed 
to perform data communi cation with a sing l e time slot assigned 
in a data communication event on a per-event basis. As a need 
is felt to speed up communication services in recent years, 
attempts are made to assign multiple time slots to one data 
communication event . 

Regrettably the speed-up approach is encountered with a 



problem which follows. 

A single user exclusively owns or "mono polizes 'L a 
plurality of times slots that are limited in numb er at a base 
station, which would badly affect other users' communications 
resulting in a decrease in their useable slot number. This is 
a bar to retainment of the equity in public communications 
services . 

On the contrary, unconditionally limiting the number of 
usable time slots during data communication to one per user 
would result in a decrease in data transfer speed or rate while 
reducing the use efficiency of system resources due to an 
increase in number of non-use or "idle" time slots where other 
users are absent . 

One prior known way of solving these conflicting problems 
is to employ variable ti me- slot number contr ol techniques, 
which are for control ling the number of time slots being 
assigned to a certain user who presently requests high-speed 
data communication services so that the slot number varies even 
during communication in accordance with the number of idle time 
slots at a base station. 

Here, an explanation will be given of an event of data 
communication between a mobile station PSa of PHS and a fixed 
station FS on the integrated services digital network (ISDN) 
via a base station CSa as shown in Fig. 6. 

Fig. 7 is a diagram showing an operational sequence 
thereof. Note that in this drawing, the base station CSa is 
eliminated. Also note that the term "negotiation" as used in 




Fig. 7 refers to negotiation information. 

As well known to those skilled in the art , the PHS 
architecture offers capability of data communications at a rate 

\of 3 2 kilobit s jper ^ second ( Kbps ) by use of a single TCH __wh ich 
corresponds to the time slot discussed above. The PHS is 



A ry- 



fa /"^capable of providing data communication services at 6 4 Kbps by 
^ using a^gomb-i-na feL-on- or "bundle^ of two separateJTCHs together. 



\ 



TCH^ means a time slot channel or a message channel. 
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Firstly, the mobile station PSa issues to the^f ixed station 



FS via the base station CSa a request for interconnection for 



(V communication with its destination or target party; then, a 
communication link is established. Assume in this event that 



the base station CSa hasl two idle TCHs,^*hich are assigned by ^ 
the base station CSa to T5fie "calling" mobile station PSa. 

In response to the TCH allocation the mobile station PSa 
transmits to the fixed station FS a data frame containing 
therein both ne gotiation information and specific information 
indicative of a request for establishment of synchronization 
of 64- Kbps data communication in a way that complies with the 
synchronization establishment procedure under a selected data 
communication protocol (negotiation + synchronization request 
[64K] 701). 

A typical structure of the data frame is shown in Fig. 2, 
Wherein this frame consists essentially of a control 
information region, user data region, and error detection code 
region. The control information region is for storage of 
several data items, including a sequence number for use during 



re-send controlling operations, effective data length of the 
user data region, frame type (identifying whether the frame of 
interest is for use in setting synchronization or in exchanging 
parameters), and others. 

On the other hand the fixed station FS Waits for arrival 
of the data frame as sent from the mobile station PSa in 
accordance with the data communication protocol's 
synchronization establishment procedure while alternately 
c hang ing„or, s wi t chin g^fche dat a transf er rate between 64 jCb ps 
and 32 Kbps because of the fact that the fixed station FS is 



not aware of which of the transmitting rates is presently used 
for the data frame to arrive at the fixed station FS. 

After elapse of certain time^ the fixed station FS may 
receive the data frame. Upon receipt of this frame, the fixed 
station FS transmits, as a response to the. 64-Kbps data 
communication service request contained in this data frame, 
information that indicates the acceptability of such request 




information (negotiation synchronization reception [64K] 702) 



Thereafter, the mobile station PSa and fixed station FS 
exchange communication parameters therebetween (communication 
parameter setting request [64K], communication parameter 
setting reception [64K] 703); then, 64-Kbps data communication 
including "error re- send" procedure (known as 64K-ARQ data 
communication) gets started( 64K_ARQ Synchronization State 
704). ARQ means automatic request for repetition. 

As time elapsed, a new communication request is issued by 




a third party to the base station CSa. When this is done, the 
base station CSa acts to adjust the TCH allocation number with 
respect to the mobile station PSa so that it decreases to one 
( 1 )( synchronization request [32K] 705). In responding thereto , 
the mobile station PSa newly transmits toward the fixed station 
FS via the base station CSa an updated data frame that contains 
therein information indicative of a request for es tablishmen t, 
of synchronization of 32 -Kbps data commun icati on. 

In such event the fixed station FS must experience failure 
of synchronization due to the fact that the rate of transmission 
of the data frame from the mobile station PSa has been switched 
to 32Kbps, which would result in creation of an FCS continuity 
error (706). In case this error continues for a predetermined 
time period or longer, the fixed station FS o perates to switch 
thejc ommunica t ion rat ejtp -3 2 Kpb s- f or .re ce i p_t of an incom ing data^ 
fr ame . 

Whereby, the fixed station FS receives the 32-Kbps data 
communication synchronization establishing request from the 
mobile station PSa; then, it sends a burst of information to 
the mobile station PSa as a response to this request, which 
information indicates the acceptability of the 32-Kbps data 
communication request (synchronization reception [32K]707). 

Thereafter, the mobile station PSa and fixed station FS 
exchange communication parameters therebetween ( communication 
parameter setting request [64K], communication parameter 
setting reception [64K] 708), and then initiate the intended 
32-Kbps data communication including error re- send procedure 




(known as 32K-ARQ data communication) (32K_ARQ synchronization 
state 709) . 

Upon termination of the third party's communication 
service, an idle TCH occurs at the base station CSa; at this 
time, the base station CSa increases the number of usable TCHs 
allocated to the mobile station PSa up to two ( 2 ) . In responding, 
the mobile station PSa again passes a data frame to the fixed 
station FS by a way of the base station CSa, which frame includes 
information indicative of a 64-Kbps data communication 
synchronization establishment request ( synchronization 
request [64K] 710). 

When this is done, the fixed station FS experiences failure 
of synchronization due to the fact that the rate of transmission 
from the mobile station PSa has been switched to 64Kbps, which 
can result in occurrence of an FCS continuity error (711). 

In case this error continues for more than a predetermined 
time interval, the fixed station FS behaves to switch the 
communication rate up to 64Kpbs for receipt of the 64-Kbps data 
communication synchronization establishment request from the 
mobile station Psa; then, it sends to the mobile station PSa 
the information indicating that the 64-Kbps data communication 
request is acceptable (synchronization reception [64K] 712). 

Thereafter, the mobile station PSa and fixed station FS 
exchange communication parameters therebetween (communication 
parameter setting request [64K], communication parameter 
setting reception [64K] 713), letting the 64-Kbps data 
communication including "error re -send" procedure (known as 




64K-ARQ data communication) ( 64K_ARQ Synchronization state 
714) get started again. 

However, in case the destination or associative party of 
the mobile station PSa under data communication is a mobile 
station PSb via a base station CSb as shown in Fig. 6, when any 
one of the mobile station PSa and mobile station PSb increases 
in number of TCHs as presently allo cated t hereto, the mobi le 
station with such updated TCH number attempts un ilaterally to 
make a request for synchronization establishment of the 
communication rate pursuant to such new assignment number. In 
this case, if the remaining mobile station is incapable of 
operating at the updated communication rate^ijgjb^jjbs^shortage 
ofJPCHs beinxL presently assigned thereto , thentheabove-noted 
synchronization establishment request becomes invalid forcing 
it to again perform the communication rate synchronization 
establishment control that h as_been executed pz^orjto issuance 
of the request, which can result in waste of time. 

Another problem faced with the related art approach is that 
certain non-negligible time must be consumed every time when 
switching the communication rate because of the fact that 
currently available mobile stations are inherently designed to 
reject entry of any other communication rate synchronization 
establishment requests before an FCS continuity error actually 
has continued for a prespecified length of time period. 

In related art telecommunications systems including PHS 
services, these suffer from an extensive increase in requisite 
processing time whenever the communication rate is to be changed. 
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In addition, the related art systems are encountered with 
another problem that a caller's terminal can fail to newly 
establish its intended synchronization during communication 
with its target or associated party's terminal depending upon 
circumstances at the party, which in turn leads to risks of 
recurrent execution of unnecessary control routines. 

SUMMARY OF THE INVENTION 
This invention has been made to avoid the problems faced 
with the related art, and its primary object is to provide an 
improved communication apparatus capable of quickly switching 



the communication rate with increa sed accuracy and reliabilit y, 
along with communication rate switching methodology for use 



t herei n . 

To attain the above objective, this invention provides an 
improved communication apparatus for communicating over a 
plurality of channels at a time and chan ging a communication 

rate on the base of a_n.umb.er— o. f the channels , comprising, ^ ^ 

notifying means for notifying a connected communication ^^U^- 
apparatus of a number of channels usable at the apparatus, ^ V- ^ 
detecting means for detecting through communication with the 
connected communication apparatus a number of channels useable 
at the connected communication apparatus and selecting means 
for selecting a communication rate on the basis of the notified 
number of channels and the detected number of channels . 

The communication apparatus incorporating the principles 
of this invention is arranged to control the commimiCj^tion rate 



so that this rate is variable in accordancej ^ ith the number o f 
cha nn els useab le _at^the thj^cjammun^ and also 

with the number of channels available in connected 
communication apparatus . 

Accordingly, with the communication apparatus thus 
arranged, its communication rate selecting or change-over 
operations may be carried out at increased speeds with the 
accuracy and reliability maximized. This can be said because 
the communication rate selecting is done while fully taking into 



consideration the actual number of present "idle" channels 



usable at the connected communication apparatus . 



o 

pa 

1Z To achieve the foregoing object this invention also 

D 

fy provides a method for selecting a communication rate of a 

CO 

{«& communication apparatus for communicating over a plurality of 

p channels at a time and changing a communication rate on the base 

fy of a number of the channels, comprising, notifying a connected 

jsaftt 

ig communication apparatus of a number of channels usable at the 

apparatus, detecting through communication with the connected 
communication apparatus a number of channels useable at the 
connected communication apparatus, ' and selecting a 
communication rate on the basis of the notified number of 
channels and the detected number of channels. 

The communication rate selecting method of the 
communication apparatus arranged as stated above is designed 
to control the communication rate so that it is__variable in 
accordance — wi-tl^—the- — number o f cha nnels useable at the 



communication—apparatus and also wittr the number of channels 



o with^t] 
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useable at the connected communication apparatus . 

Accordingly, with the communication rate seleceting 
method for the communication apparatus thus arranged, its 
communication rate selecting or change-over operations may be 
carried out at increased speeds with the accuracy and 
reliability maximized. This can be said because the 
communication rate selecting is done while fully taking into 
consideration the actual number of present "idle" channels 
presently usable at the connected communication apparatus. 

It is thus possible for the communication rate selecting 
method of the communication apparatus in accordance with this 
invention to increase the channel use efficiency due to the fact 
that an attempt is made to determineC^hether a communication 
rate selecting operation is done w he never the connec ted 
communication apparatus ' s usab le number of the channels changes 
o n a real time ba g.ljO 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a diagram showing in circuit block form a 
configuration of a communication apparatus in accordance with 
one embodiment of this invention. 

Fig. 2 is a diagram showing a structure of one data frame 
that the communication apparatus shown in Fig. 1 sends to or 
receives from its associative connected terminal. 

Fig. 3 is a diagram pictorially representing a relation 
of assigned channels at calling and called party's terminals 
during communication therebetween, for explanation of a 



communication rate switching control scheme using a 
communication rate switching controller of the communication 
apparatus of Fig. 1. 

Fig. 4 is an operational sequence diagram for explanation 
of a data communication rate switching control operation of the 
communication ap para tus of Fig. 1 in response to a request from 
a base s£a±io^^ite, 



Fig. 5 is a sequence diagram for explanation of a data 



communication rate switching control operati'oS__ofII^the 
communication apparatus of Fig. 1 in reply to a^user^' s request 

Fig. 6 is a diagram illustrating an overallTconf iguration 
of a wireless radio-communication system employing the 
communication apparatus in accordance with this invention. 

Fig. 7 is a sequence diagram for explanation of a data 
communication rate switching control operation of one typical 
related art communication apparatus. 



DESCRIPTION OF THE PREFERRED EMBODIMENTS 
One preferred embodiment of this invention will now be 
explained with reference to the accompanying drawings. 

Fig. 1 illustrates a configuration of a communication 
apparatus in accordance with one embodiment of this invention, 
which is a^^obile^ communication station — here, a portable 
communication transceiver or cordless radiotelephone unit such 
as a PHS handset, by way of example. 

This mobile station is generally configured from a 
communication module 10 and controller module 20. 
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The communication module 10 is operable to establ ish a 
time -slo t based digital radio communication link to a telepoint 
base station, for providing digital communications via this 
base station with another mobile station or alternatively with 



a fi xed station as interconnected to a digital 
telecommunications network . 

The controller module 20 is provided for controlling or 
"governing" operations of respective parts or components of the 
illustrative mobile station. The controller 20 is typically 
confi^u^ed to include a TCH number^nthis^rf 

means 2'1 , a detected TCH nu mber noCi^y^coir^oJrineans 22^) a TCH 



number in connected station detection means 23, a communication 




communication^ rate ^witching ^ontrol^means 25, 

The TCH number in this station detecting means 21 is 
arranged to monitor or "watchdog" any receipt signals as sent k 



from a base station presently connected w ith the commu nication 



mp,dule_10_f or d etecting a number of TCH (referred to as " detected^' 
TCH number in this station" hereinafter) th at is pre sently 
assigned by the base st ation. 

The detected TCH number notify control means 22 controls 
the communication module 10 to set a number of TCH in this station 
presently detected by TCH number in this station detecting 
means 21 in a control information region of a data frame shown 
in Fig. 2, to thereby notify it to a connected mobile station 
under communication . 

The number of TCH in the connected station detection means 



23 monitors incoming signals received at the communication 
module 10 ^while at the same time monitoring the control 
information region of a data frame as sent from the connected 
station under communication^ thereby detecting a number of TCH 
(referred to hereinafter as " TCH number in connected station" ) 
being presently assigned by the base station to the aforesaid 
associative communication station. 

The communication rate request/instruction reception 
means 24 is the one that receives a communication rate switch 
request as instructed from a control system in the illustrative 
communication apparatus . 
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The communication rate switching control means 25 is 
operatively— respons ive to the dete ct ed TCH number in t his 
tat ion as detected byjyi^T£H^numbjy^ ii^^ 




means 21 and the TCH number in tlii^r connecte d stati on as detected 



by the TCH number in connected station detecting means 23)plus 



the above -notedj^onununication rate sw i tch request from a us.e r^ 
or subscriber , for appropriately changing or switching the TCH 
number for use during data communication to thereby perform 
switching control of the data communication rate. 

Fig. 3 is a pictorial representation of status transition 
of the detected TCH^number in this^^atio^ and the TCH number 
in the ccinnected station. 
As shown "herein, the communication rate switching control 
means 2 5 is designed to perform the intended commu nication rat e 
switching control operation^ijijthose e_vent^_that the TCH number 
in the connected station changes while the deteced TCH number 
in this station is set at "two (2)" and that the deteced TCH 
number in this station changes while the TCH number in the 
connected station is at "2." 

A key input module 30 may be a user interface including 
a keyboard with a plurality of key buttons for use in inputting 
dial data and in performing user 1 s manual operations concerning 
message/data transmit -and-receive or " transceive" procedures. 

A display unit 31 is provided as a display means for visual 
indication of several data items as to the communication 
apparatus to inform the user of such data. Note that the display 
31 may alternatively be an audible means for producing audio 
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sounds to inform the user of various data concerned. 

An operation of the communication apparatus thus arranged 
will next be explained below. An explanation will first be 
given of a data communication rate switching control procedure 
that is responsive, where a PHS mobile station PSa performs data 
communication with a mobile statioif PStj as~shown in Fig. 6, to 



generation and extinction of other mobile stations which may 
attempt to provide communication via a base station CSa to which 
the mobile station PSa is interconnected by way of an over- 
the-air radio communication link and a base station CSb to which 
the mobile station PSb is connected via a radio communication 
link. 

Fig. 4 is a diagram showing an operational sequence thereof. 
It should be noted in Figs. 4-5 that an indication 
"negotiation" refers to negotiation information whereas 
"parameter" represents parameter information. 

In operation of the mobile station PSa, its controller 20 
first controls the communication module 10 to issue a telephone 
call for interconnec tion to and communication with the 
destination mobile sta tion PSb by way of the base stations ^CSa 
and^CSb^ In this event, if the b ase s tation CS a has t wo non- use 
^^J^a^^^J^H^bhen such jtv/q^f reeJTCHs will J?e assigned by the 
base station CSa -to the, mobile _s.tatiQi^P_Sa,.__ 



And, the "calling" mobile station PSa behaves to transmit 
a da ta fr ame toward the "called" mobile station PSb as an action 



pursuant to a selected data communications protocol, which 





required under a synchronization establishment procedure as 
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frame contains therein negotiation^ijif.ormajtipn and certain 

r 

information indicative of a request for establishing 
synchronization of data communication at a rate of 64 kilobits 
per second (Kbps)(401). 

On the other hand, the "called" mobile station PSb waits 
for arrival of the data frame while letting its own controller 
20 control a communication unit 10 to altern ately change or 
switch the data transmit rate between 64 Kbps and 32 Kbps 



because of the fact that the called station PSb is not aware 



of which rate is presently adopt ed for t he data fram e under th e 

incoming data ^co mmunication protocol Vs synp hronizat ion 

establishment^ ^ocedure_jto arrive at the station PSb. 

In a short time, upon receipt of the data frame at the called 
mobile station PSb, synchronization is established; when this 
is done, this station PSb responds to the request contained in 
the received data frame by sending forth to the calling mobile 
station PSa spec i fic informati on along o with jmgoti_ation 
information, the former information indicating accep tabilit y 
of such request f or_J>_4— Kbps- data— communication ( 402 ) * 



Thereafter, the calling mobile station PSa and called 
station PSb exchange more than one requisite communication 
parameter therebetween; then, the intended 64 -Kbps data 
communication including error re -send procedure (known as 
64K-ARQ data communication) gets started( 405 ) . 

Note that once after having established such synchronous 
communication link, the calling mobile station PSa operates in 
a way which follows . 
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Its TCH number in this station detecting means 21 detects 
a number of TCH as assigned by the base station__CSa, and then 
the detected TCH number notify control means 22 sets for 
transmission the resultant detected the TCH number in this 



station into the control information region of a data frame to 



thereby keep the called mobile station PSb notified of any TCH 
number as presently assigned to the calling station PSa for all 
time (403) . 

Similarly, the called mobile station PSb operates as 
follows: After establishment of the synchronization required. 



TCH num ber in jt hi^stat ion detecting me ans 21 detects a number 



of TCH as assigned by the base station CSb, and then the detected 



^TCH number notify control means 22 sets for t ransmission the 
detected TCH number into the control information region of a 
data frame to t hereby constantly notify the calling mobile 



station PSa of any TCH number as presently assigned to the called 



station PSb on a real time basis (404). 

Before long, a new communication request can be issued by 
a third party to the base station CSa. If this is the case, 
the base station CSa acts t o adjust the TCH al location numbe r 
relative to the mobile station PSa so that it decrease s_in_value. 




to one ( 1 m 406 )_. In responding thereto, the mobile station PSa 



newly transmits toward the mobile station PSb yvia the base 



stat^gn^ an^ updated data frame } containing specific 

information indicative of a request for synchronization 



establishment of / 32-Kbp sJ data communication ( 407 ) . 

In such event the mobile station PSb must experience 
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failure of synchronization due to the fact that the rate of 
transmission from the mobile station PSa has been switched to 
32 Kbps , which would result in occurrence of an error in 
continuity of the frame check sequence ( FCS ) ( 408 ) . In case this 
error continues for more than a predetermined time interval, 
the mobile station PSb op erates to sw itch the communic ation rat e 



down a t 32KpbB for receipt of the data frame from the mobile 
station PSa while also receiving the 32 -Kbps data communication 



synchronization establishment request to establish 



synchronization accordingly; then, the called station PSb sends 
forth certain information to the calling mobile station PSa as 
a response to this request, which information indicates 
^acceptability of the 32-Kbps data communication request (409) . 

Thereafter, the calling mobile station PSa and called 
station PSb exchange more than one requisite communication 
parameter therebetween ( 410 ) ; then, the intended 32-Kbps data 
communication including error re -send procedure (known as 
32K-ARQ data communication) gets started. 

During such communication, a new communication request 
from a third party to the base station CSb can occur resulting 
in a decrease of the mobile station PSb's assigned TCH number 
from "2" to "1." (411) At this time the mobile station PSb 
permits its assigned TCH number notify control means 22 to 
notify the mobile station PSa of this TCH decrement via the 
control information region of a data frame. 

Suppose that the third party's communication via the base 
station CSa is thereafter terminated during communication 




/between the mobile stations PSa, PSb. Upon termination of the 
third party's communication, the TCH being assigned to the 
mobile station PSa is increased by one (1) up to the value "2," 
the mobile station PSa lets the assigned TCH number notify 
control means 22 thereof notify this TCH increment to the mobile 
^station PSb via the control information region of a data 
f rame( 412 ) . 

At this time the number of idle TCHs between the mobile 
station PSa and base station CSa has been set at "2"; thus, the 
intended data communication is available at the rate of 64 Kbps . - 

However, as the mobile station PSa is such that the associative 
connected station's assigned TCH number detection means 23 has 
detected the associative station's assigned TCH number as "1" 
based on the notification from the mobile station PSb at this 
time, the communication rate switching control means 2 5 
determines that 64 -Kbps data communication is impossible and 
thus hesitate to issue a 64 -Kbps synchronization establishment 
request while continuing 32 -Kbps data communication . 

Thereafter, upon termination of the third party's 
communication at the base station CSb, the TCH being assigned 
to the mobile station PSb is increased by one ( 1 ) to become the 
value "2"; at this time, the mobile station PSb allows the 
assigned TCH number notify control means 22 thereof to notify 
this TCH increment to the mobile st ation PSa v ia the con trol 
information region of a data frame (413). 

When this is done, the mobile station PSa operates as 
follows: The associative station's assigned TCH number 
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detection means 23 detects the above-noted notification causing 



the communication rate switching control means.,2 5— to-control 



the communicationjinit 10 for issuing a64^gbps^ynchronization 



On the contrary, as the mobile station PSb has already been 
notified by the mobile station PSa 1 s assigned TCH number notify 
control means 22 that the assigned TCH was set at " 2 , " the mobile 
station PSb's communication rate switching control means 25 



performs synchronization establishment at 64 Kbps (415). 

It should be noted that although when performing this 
64 -Kbps synchronization establishment the mobile station PSa 
and mobile station PSb perform synchronization establishment 
while simultaneously performing rate switching between 64 and 
32 Kbps, these perform synchronization establishment at the 
rate of 64 Kbps because they mutually recognize that two idle 
TCHs are present in each associative party under communication. 

After having established 64 -Kbps synchronization between 
the mobile station PSa and mobile station PSb in the way 
discussed above^both of them exchange a required communication 
parameter(s) therebetween ( 4 16^ T~^t hereafter, they again 
initiate 64 -Kbps data communication including the error re- 
send procedure (64K-ARQ data communication). 

An explanation will next be given of a data communication 
rate switching control operation in response to receipt of a 
request from the control system of the mobile station PSa where 
the. mobile station PSa performs data communication with the 
mobile station PSb . Fig . 5 is a diagram showing the operational 




establishment requestj[_414^) . 
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sequence thereof . 

In operation of the mobile station PSa, its controller 20 
first controls the communication module 10 to issue a telephone 
call for interconnection to and communication with the 
destination mobile station PSb by way of the base stations CSa 
and CSb. In this event, if the base station CSa has two non-use 
or "idle" TCHs then such two free TCHs will be assigned Jby the 
base station CSa to the mobile station PSa. 

— — ■ " Tr?££^ ™ — — ■ — """"" 

And , t he " caj-lingj^jrno bile stat ion PSa behav es tojtran smi t 
a data frame toward the "c alled" mobile station PSb as an ac tion 
required under a synchronization establi shment proced ure_ as 
pursuant to a selected data communications protocol, which 
frame contains therein negotiation information and certain 
information indicative of a request for establishing 
synchronization of data communication at a rate of 64 kilobits 
per second (Kbps)(501). 

In responding thereto, the "called" mobile station PSb 
waits for arrival of the data frame while letting its own 
controller 20 control a communication unit 20 to alternately 
change or_ switch the data transmit rajtOgtween 6 4 Kbps^and 




aware of which rate is presently adapted for the data frame under 



the incoming data communication protocol's synchronization 



establishment procedure to arrive at the station PSb. 

In a short time, upon receipt of the data frame at the called 



mobile station PSb, synchronization is established; when this 



is done, this station PSb responds^ to the^ reque st contained i n 
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the received data frame by sending forth to the calling mobile 



station PSa specific information along with negotiation 



information, the former inf ormation— indicating acceptabilit y 
j of such^r^uest^ fjox— 6,4^Kb ps ,daj;a ^comnu^ 

Thereafter, the calling mobile station PSa and called 
station PSb exchange more than one requisite communication 
parameter therebetween ( 503 ) ; then, the intended 64-Kbps data 



communication including error re -send procedure (known as 
64K-ARQ data communication) gets started. 

Assume that the mobile station PSa experiences size 
reduction of data to be sent, which in turn makes unnecessary 
any high-speed communication rates which can result in an 
increase in power dissipation. If this is the case, when a 
request for dropping the communication rate from 64 Kbps down 
at 32Kbps is issued based on an instruction from the control 
module 10(504), this request will be received and accepted by 
the communication rate request/instruction reception means 24. 

In this event the mob ile station PSa op erates so that the 
assigned TCH number notify control means 22 notifies the mobile 



station PSb of decrement of the assigned TCH number from "2' 



to " 1 " ; thereafter ,__the com munication rate _s.wi±j2h,cjo ^ 
25 transmits a data frame that contains inf orma t ion indicativ e 
of a request for synchronization est a b 1 i s hm e n t _o f _3_2 rfeb ps data 
^commun-lc at-l on.(.5.0.5-) . 

In responding, the mobile station PSb performs 
establishment of synchronization while simultaneously 
performing rate switching between 64 and 32 Kbps due to the fact 



that this station is notified from the mobile station PSa that 
the present value of the assigned TCH number is set at " 1"; 
however, the station actually performs 32-Kbps synchronization 
establishment because it recognizes the presence of only one 
TCH as assigned to its associative party's terminal under 
communication . 

After having established the 32-Kbps synchronization 
between the mobile station PSa and mobile station PSb in the 
way stated above, both of them exchange a requisite 
communication parameter(s) therebetween ( 506 ) ; thereafter, 
they again initiate 32-Kbps data communication including the 
error re-send procedure (32K-ARQ data communication). 

In this way a respec^ye^^ne _qf_jthe communication 

apparatuss arranged as described abov e (mobile stations PSa, 
PSb ) operates to„ke.en,its ^as sociative part y under communicati on, 
notif ied of the detected TCH _n umber a s^assigne. d. thereto by a 
corresponding jteleppint_base— sjt^tion while at the same time 
monitoring in any events the associative party's assigned TCH 
number as presently notified from the associative party's 
communication terminal to thereby appropriately perform the 
intended communication rate switching control operations based 
on these TCH allocation numbers thus obtained. 

Accordingly, with the communication apparatus with the 
above-noted arrangement, it becomes possible to perform 
accurate communication rate switching operations with enhanced 
reliability at increased speeds. This can be said because any 
failure will no longer occur in attempting to switch the 



# • 

communication rate for increase of the rate of communication 
services by unilaterally increasing the communication-use TCH 
number up to the value two (2) irrespective of the fact that 
the TCH number being presently assigned to its associative 
party's communication terminal is merely at one (1) by way of 
example. Another advantage lies in an ability to promptly 
perform the intended communication rate switching operation 
because of the fact that issuance of a communication rate 
switching request from the associative party's terminal may be 
pre-recognizable or predictable based on the notification of 
a present assigned TCH number from the associative party's 
terminal under communication. 

Additionally, the communication apparatus embodying the 
invention is specifically arranged to perform, upon receipt of 
a communication rate switching request at the communication 
apparatus , a communication rate switching operation so that the 
resultant rate adequately complies with the aforesaid request 
after having notified in advance the associative party's 
terminal of a TCH number corresponding to the switched 
communication rate satisfying the request, as the TCH 
allocation number. With such an arrangement, it is possible 
to quickly perform a communication rate switching operation in 
response also to a request at the communication apparatus. 

It is noted here that although in the illustrative 
embodiment the communication apparatus has been explained so 
that its communication rate switching is done in responding to 
receipt of a request from the control system, the invention 




should not be limited only to such embodiment and may 
alternatively be modified, for example, to perform 
communication rate switching control in reply to the user's 
instructions in a way such that the user is expected to^input 
his or her communication rate switching request instructio n 
through manual operations of ■_ the__ Jcey~~input unit 30 while 
arranging the controller 20 to receive this instruction for 
execution of the communication rate switching operation under 
request . 

The communication apparatus is also modifiable so that the 
display unit 31 visually indicates on its screen a present setup 
value of the communication rate (32 Kbps or 64 Kbps) at the 
communication apparatus . 

The operability and usability of the communication 
apparatus may thus be improved by accepting entry of the user ' s 
communication rate switching request or by visualizing the 
communication rate setup state. 

Note that this invention should not exclusively be limited 
to the illustrative embodiment. 

Although in the above embodiment one typical variable 
control of TCH assignment /allocation number^l^^^schemes has 
been set forth as an example of the technique for control of 
the communication rate by varying or changing the channel 
assignment number, similar effects and advantages are also 
obtainable when applying the inventive teachings to those cases 
where the communication rate is rendered variable by letting 
the assignment number of an extended code for use in code 



division multiple acces s/( CD Ma^a schemes rather than the TDMA 
schemes . 

Also note that the max:un^--^value of the TCH number used 
should not be limited yto^ two as in the illustrative 
embodiment and may be modified to increase beyond this value. 

Further, the communicatior^_^ate^ should not be 

limited to that between 32 and 64 Kbps ; an increased rate, such 



as for example 128 Kbps>-may^be employed alternatively. 

Furthermore, although the embodiment above is 
illustratively arranged to offer variable communication rate 



controllability in^ over- the -air r adio communications systems, 
the same advantages may also be achievable when applying the 
invention to those cases whe re variabl e communication rate 
control is to be doneTi»~^-i-red-- communications systems. 

^ — ~ ok; 

Still further, although the above embodiment is designed 
so that the detected TCH number in this station is set into the 
control information region of the data frame shown in Fig. 2, 
the number is insertable into any one of other similar suitable 



regions which are expected to pass this station assignment TCH 
"numl5er"to~a7n connected station with delivery failure minimized. 

With regard to any other matters concerned, this invention 
as disclosed and claimed herein may be modified and altered in 
configuration for use in a wide variety of applications without 
departing from the true spirit and scope of the invention. 

As has been described above, this invention makes it 
possible to perform variable control of the communication rate 
in a way adequately complying with both the channel number as 



assigned by a base station to a this station and the channel 
number being presently assigned to an connected station by a 
base station operatively coupled thereto. 

Consequently, according to this invention, it is possible 
to perform any intended communication rate switching operations 
by precise recognition of a presently available channel 
assignment number at the associative target party's apparatus, 
which in turn makes it possible to provide a communication 
apparatus capable of accurately performing required operations 
at increased speeds along with communication rate switching 
methodology for use therein. 



